ABSTRACT Childhood parental death has been associated with adverse health, social and educational outcomes. Studies on long-term outcomes are in general scarce and there is little evidence on the long-term impact on anti-social behaviour. This study takes advantage of high-quality register data to investigate risk of violent crime in relation to childhood parental death in a large national cohort covering the entire Swedish population born in 1983-1993 (n = 1,103,656). The impact of parental death from external (suicides, accidents, homicides) and natural causes on risk for violent crime from age 15 to 20-30 years, considering multiple aspects of the rearing environment (including parental psychiatric disorders and criminal offending), was estimated through Cox regression. Unadjusted hazard ratios associated with parental death from external causes ranged between 2.20 and 3.49. For maternal and paternal death from external causes, adjusted hazard ratios were 1.26 (95% confidence intervals: 1.04-1.51) and 1.44 (95% confidence intervals: 1.32-1.57) for men, and 1.47 (95% confidence intervals: 1.05-2.06) and 1.51 (95% confidence intervals: 1.27-1.78) for women. With the exception of maternal death among women (hazard ratio 1.26, 95% confidence intervals: 1.03-1.53), parental death from natural causes was not associated with increased risks in adjusted models. The results underscore the importance of preventive interventions to prevent negative life-course trajectories, particularly when death is sudden and clustered with other childhood adversities.
Introduction
A bout 4% of all children in Sweden experience the death of a parent before their eighteenth birthday , and similar numbers are seen in other western countries (Parsons, 2011; Social Security Administration, 2000) . The loss of a parent is a potentially traumatic life event that may affect the life of the child in several ways, and has been associated with adverse health, social and educational outcomes throughout the life course (Li et al., 2014 , Cerel et al., 2006 Berg et al., 2016; Parsons, 2011; Hoeg et al., 2018 ). An increased risk of psychiatric problems during the first years following a parent's death has been seen in children with experience of parental death (Dowdney, 2000; Agerbo et al., 2002; Cerel et al., 2006; Brent et al., 2009) . Bereaved children and adolescents have also been shown to have higher frequencies of health risk behaviours, e.g., behaviours that contribute to unintentional injury or violence (Hamdan et al., 2012) , and to be at greater risk for alcohol and substance abuse (Hamdan et al., 2013) , school failure and educational achievement (Hoeg et al., 2018; Berg et al., 2014) . Previous studies on long-term consequences of childhood parental death also suggest that the experience of a parent's death during childhood may have implications for health and well-being well in adulthood, e.g., with increased risks of depression and other affective disorders Appel et al., 2013) , suicidal behaviour Serafini et al., 2015) , drug use disorder (Giordano et al., 2014) and premature mortality (Rostila and Saarela 2011; Li et al., 2014) . However, studies on potential longterm impact of childhood parental death are in general scarce and there are few studies on long-term consequences for anti-social behaviour and criminal offending among bereaved offspring. Violence is an important public health concern and violent criminal convictions are also associated with increased risk of continuity of offending and severe consequences such as suicidal behaviour and premature mortality (Steeg et al., 2019) . In this study, we aimed to investigate the possible association between parental death and violent criminal offending.
In addition to the importance of genetic factors (Rhee and Waldman, 2002 ), previous evidence demonstrate that the rearing environment has a major influence on the risk for criminal offending (Kendler et al., 2016; Kendler et al., 2015; Farrington, 1995) . Parental death, and in particular deaths caused by external factors, i.e., suicides, accidents and homicides, is associated with higher levels of criminality, psychiatric health problems and substance abuse in the deceased as well as in the surviving parent (Melhem et al., 2008; Rostila et al., 2016) . A recent Australian study (Malvaso et al., 2018) , which examined adverse childhood events among young people in detention, showed that individuals who had lost a parent had over two times the odds of having a family member with a substance use problem. In previous studies, we have demonstrated that the increased risk of adverse outcomes is mainly seen in children and adolescents who lose their parent to death from external causes, most likely due to the combination of familial risk factors with the loss itself (Berg et al., 2014; Berg et al., 2016; Rostila et al., 2016) .
During the last decades, a large number of studies have provided evidence for an association between adverse childhood events and health and behavioural problems throughout the life course (Fellitti et al., 1998; Anda et al., 2006; Hughes et al., 2017) . The concept of adverse childhood experiences include life events relating to abuse and neglect, household mental illness and substance abuse, domestic violence, living with a household member who has been incarcerated and parental separation or divorce (Felitti et al., 1998) . Originally, this framework did not include the experience of parental death during childhood or adolescence but this potentially traumatic event is increasingly being included in research on childhood adversity (see, e.g., Malvaso et al., 2018 and Björkenstam et al., 2017) .
Anti-social and violent behaviour can be passed on between generations and violent offending has been shown to cluster within families (Putkonen et al., 2007; Frisell et al., 2011) . Offspring to parents with substance abuse and mental health problems have also been shown to be at elevated risk of violent criminal behaviour later in life (Dean et al., 2012; Mok et al., 2016; Christoffersen and Soothill, 2003; Besemer, 2014; Frisell et al., 2011) . This intergenerational transmission is probably due to a combination of genetic, social and environmental factors. Thus, higher rates of offspring criminal offending, and in particular violent criminal offending, could be expected in relation to parent's death from external causes, compared with deaths from natural causes. Also, associations between parental death, in particularly deaths from external causes, and offspring involvement in violent crime could be expected to be explained at least partly by parental psychopathology.
Thus, in the light of these previous findings we were particularly interested in investigating the possible differential impact of parental death from natural and external causes and whether a potential association between parents' externally caused deaths were associated with offspring violent criminal offending after adjustment for a large number of potentially confounding factors. There are few previous longitudinal studies on this topic and the results are conflicting (Feigelman et al., 2016; Kendler et al., 2014; Wilcox et al., 2010; Sauvola et al., 2002) . In a study based on survey data, no differences were seen between the bereaved and the non-bereaved groups with regard to self-reported criminal involvement in young adulthood (Feigelman et al., 2016) . On the other hand, in a previous Swedish register-based study, an increased risk of violent criminal convictions was seen among bereaved offspring, which was not, quite surprising, associated with parental cause of death (Wilcox et al., 2010) . Other studies have not separately analysed effects by cause of death (Sauvola et al., 2002; Kendler et al., 2014) and little is known about the contribution of parental psychopathology to these association. Thus, with this study we intend to fill this gap in the existing literature. Furthermore, there is a lack of knowledge on the potential different effects of maternal versus paternal death, and since previous studies have focused on men or have not performed separate analyses of men and women (Wilcox et al., 2010; Sauvola et al., 2002) , little is known about associations in women. In addition to potential gender differences, the child's age at the time of death of the parent is also important to consider. It is possible that the effect of parental loss differs between different stages in childhood, i.e., reflecting certain sensitive periods or developmental stages, and that consequences from parental death differ between younger and older children. Potential differences could also reflect time since the death of the parent, e.g., children that lose a parent at younger ages could have more time to resolve their grief and cope with the loss.
The current study takes advantage of unique longitudinal highquality register data from a national cohort consisting of more than 1,000,000 Swedish men and women. The aim of this study was to investigate the association between parental death before age 15 (since 15 is the age of criminal responsibility in Sweden) and violent crime from age 15 to 20-30 years. Specifically, we aimed to analyse the separate impact of parental death from natural and external causes and to what extent such associations may be explained by parental psychopathology, i.e., paternal and maternal violent offending, psychiatric disorders and substance abuse. Furthermore, we were also interested in analysing whether similar associations were seen in men and women and whether there were differences depending on the child's age at the time of death of the parent.
Methods
This study is based on information from Swedish national registers. Linkage of registers is made possible by use of the unique personal identity number assigned to all Swedish residents at birth or at time of immigration. In data sets available to researchers, the personal identity numbers are replaced by random reference numbers and all data are anonymous.
Our study population consisted of all individuals born in Sweden between 1983 and 1993 (according to the Medical Birth Register) with two birth parents in the Multi-Generation Register (n = 1,103,656), who were alive at age 15 and had no record of emigration.
Childhood parental death. Information on parents' time and cause of death was retrieved from the Cause of Death Register. Childhood parental death was defined as death of a parent before age 15. Deaths were classified according to the International Classification of Diseases (ICD) as deaths caused by natural causes, i.e., diseases (ICD-8 code: 0000-7969; ICD-9 code: 000-796; and ICD-10 code: A00-R99) or deaths caused by external causes, i.e., accidents, homicide or suicides (ICD-8 code: 8000-9999; ICD-9 code: 800-999; and ICD-10 code: V01-Y98).
Violent crime. Information of all convictions for violent crime between 1998 and 2013 was retrieved from the Crime Register from age 15 (the age of criminal responsibility in Sweden). Violent crime was defined as homicide, assault, robbery, arson, any sexual offence (rape, sexual coercion, child molestation, indecent exposure, or sexual harassment), illegal threats, or intimidation. This definition does not include burglary and other property offences, traffic offences, and drug offences and corresponds to definitions used in previous studies (Fazel and Grann, 2006; Fazel et al., 2009) . Violent crime was defined as at least one conviction from age 15 until 2013 when the study population was aged 20-30 years.
Covariates. The Longitudinal Integration Database for Health Insurance and Labour Market Studies was used to retrieve information on sociodemographic and socioeconomic covariates, including gender, birth year, geographic residency, parental country of birth and educational level, and social welfare benefits. Recipiency of social welfare benefits was defined as a dichotomous indicator of whether or not the parent had received economic assistance of any amount during the year when the child had his/her 15th birthday.
Information on parental violent criminality was retrieved from the Crime Register from 1973 (i.e., from start of the register) and included in the analyses in two separate variables; having been convicted for a violent crime at least once before the child was born (all parents) and having been convicted for a violent crime at least once when the child was aged 0-14 years old (surviving parents only). Parental substance abuse and psychiatric disorders were included in the analyses in a corresponding manner. Parental psychiatric disorders were defined as at least one hospitalisation with a main diagnosis indicating a psychiatric disorder (not related to substance abuse) and/or self-inflicted injury, using information from The Hospital Discharge Register. Parental substance abuse problems were defined by at least one hospital admission with an ICD diagnosis indicating alcohol or illicit drug use.
Statistical analyses. Cox proportional hazards models were used to estimate hazard ratios (HRs) and corresponding 95% confidence interval (CI) for criminal convictions, in relation to childhood parental death. Person time of follow-up was accumulated from the 15th birthday until the date of the first violent conviction, date of death or end of follow-up in December 2013. Maternal and paternal death from natural and external causes were analysed separately. Previous studies (see, e.g., Rostila and Saarela, 2011; Berg et al., 2016; Rostila et al., 2016) indicate that associations may differ between genders and depending on age at death of the parent and we also analyse the importance these factors. All analyses were performed separately for men and women and to evaluate whether there was a statistically significant subgroup difference, gender was further investigated in multiplicative interaction analyses. In order to analyse whether associations differed depending on age at loss we analysed age of the child at the time of parental loss in three categories: 0-5 years, 6-10 years and 11-14 years. To account for potential clustering within sibling groups, robust variance estimates were computed.
In the multivariate models, data were analysed in three different models. Model 1 included year of birth. Model 2 included year of birth, geographic residency, parental country of birth and parent's educational level (for bereaved families the surviving parent's highest educational level); sociodemographic covariates that should be relatively unaffected by a parent's death and therefore considered as potential confounders. In model 3 information on two sets of dichotomous indicators of psychosocial problems in the family was added: violent crime, psychiatric disorder, and substance abuse in both parents before the child was born; and violent crime, psychiatric disorder, substance abuse and social welfare benefits (as an indicator of the post death economic status of the family) when the child was 0-14 years old.
All analyses were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
In our study population, 2.3% of children under the age of 15 experienced the death of a parent. Paternal deaths constituted 72% of all deaths, and fathers were more likely, compared with mothers, to die from external causes; 42% of paternal deaths and 26% of maternal deaths were caused by suicides, accidents and homicides. Parental deaths caused by external factors were more common among younger children (Table 1) . Parental death was associated with lower educational levels in surviving parents and surviving parents were more likely to receive social welfare benefits. Parental violent criminal offending and hospitalisations for psychiatric disorders and substance abuse were more common in families where a parent died, and in particular in families where the parent died from external causes. Higher levels of these parental problems were seen in both parents before the child was born, as well as in the surviving parent when the child was 0-14 years old (Table 1) .
Violent crimes were more common in men and women with childhood experience of parental death, compared with children without this experience (Table 2 ). In the reference group, 5.6% of the men and 1.2% of the women had been convicted of a violent crime at least once between the ages 15 to 20-30 years. Corresponding numbers among individuals who had lost a parent were 9.9% among men and 2.6% among women. The highest levels of violent crime were seen for individuals who lost a parent to death from external causes. Violent criminal convictions were associated with lower parental educational levels and social welfare recipiency. Violent crimes were three to four times more common in men and four to seven times more common in women whose mother or father had been convicted of a violent crime. Having been convicted of a violent crime was also far more common in individuals from families where parents had been admitted to a hospital because of a psychiatric disorder or substance abuse (Table 2 ).
In models adjusted only for birth year, maternal as well as paternal death from external causes were associated with increased HRs of violent crime, with HRs of 2.20, 95% CI 1.82-2.66 (maternal death) and 2.67, 95% CI 2.44-2.91 (paternal death) for men. For women corresponding HRs were 3.49 (2.51-4.87) and 3.26 (2.76-3.84) ( Table 3) . Adjustment for sociodemographic factors and parent's educational level attenuated the HRs, but both maternal and paternal death from external causes were associated with two to three times higher HRs of violent criminal offending in these adjusted models. Paternal death from natural causes was also associated with increased HR, although on a lower level, whereas maternal death from natural causes was not associated with increased risk of violent criminal offending in offspring, after adjustment for sociodemographic factors and parental educational level. HRs were considerably attenuated after additional adjustment for parental violent crime, and parental psychiatric disorder and substance abuse. For men, HR of violent criminal convictions were 1.26 (1.04-1.51) in relation to maternal death from external causes and 1.44 (1.32-1.57) for paternal death from external causes. In women, corresponding HRs were 1.47 (1.05-2.06) and 1.51 (1.27-1.78). In fully adjusted models, paternal natural death was only associated with an increased risk of violent criminal offending in women (HR 1.26, 95% CI 1.03-1.53). Interaction analyses showed no effect modification of gender (p > 0.05).
There were only small differences with regard to the child's age at the time of death of the parent (Table 4) . Additional analyses were also performed for a small group of children consisting of 
Discussion
In this register-based study in a national cohort, parental death from external causes, i.e., suicides, accidents and homicides, was associated with an increased risk of violent crime. Increased risks were seen in both men and women, for maternal as well as paternal death and regardless of the child's age at the time of death of the parent. Violent criminal offending, psychiatric disorders and substance abuse in the parents explained a large part of the association with violent crime in their offspring, underlining the importance of linked and accumulated familial psychosocial risk factors and adverse childhood events in the negative life-course trajectories of bereaved children and adolescents.
Our findings demonstrate a clear difference between parental deaths from natural versus external causes. There is consistent evidence from twin and adoption studies for a strong genetic component in the complex aetiology of criminal behaviour (Rhee and Waldman, 2002, Kendler et al., 2014) . Accordingly, associations between parental deaths from violent causes, such as suicides and accidents, and risk of violent crime in offspring may be explained by genetic vulnerability and impulsive-aggressive traits shared within the family. To, as far as possible in available data, account for the heredity of criminal behaviour we adjusted for violent criminal offending, psychiatric disorders and substance abuse in parents, both before and after the birth of the child. Our findings suggest that much of the effect can be attributed to parental psychopathology associated primarily with external causes of death. The results also suggest that the increased risk of violent criminal offending in bereaved children reflect genetic vulnerability in combination with social and psychosocial factors. Our findings in relation to parental death from external causes and the clustering of adverse events fit well within the existing literature of adverse childhood experiences. Previous studies have demonstrated that poorer outcomes in individuals exposed to Model 1 is adjusted for year of birth. Model 2 is adjusted additionally for region of residency, parental country of birth and surviving parent's highest educational level. Model 3 is adjusted additionally for both parents' criminal offending, parental psychiatric disorder and substance abuse (before birth of child), and surviving parent's criminal offending, hospitalisations for psychiatric disorder and substance abuse (when child 0-14 years) and social welfare benefits in surviving parent childhood adversity are seen particularly when events are accumulated (Hughes et al., 2017; Björkenstam et al., 2018 ). Our results demonstrate that the effect of parental death is stronger for deaths that are due to suicides, accidents and homicides, i.e., deaths that are sudden and unexpected. Sudden and unexpected deaths can also be particularly stressful and may contribute to a more complicated grief and even post traumatic stress (Kristensen et al., 2012; Mccloskey and Walker, 2000) , and also to an increased risk of drug use disorder (Giordano et al., 2014) especially when coupled with post-traumatic stress (Reed et al., 2007) . The association between substance abuse and criminal offending and a high prevalence of posttraumatic stress disorder (PTSD) and trauma history in young offenders (Foy et al., 2012; Wilson et al., 2013) , have been emphasised in previous research.
Thus, taken together, our results suggest that there is an effect of the death itself and that parental death, in particularly when death is sudden and unexpected, should be considered a potentially traumatic childhood event. The importance of our findings are further emphasised by clearly demonstrating the association between parental death from external causes and other adverse childhood experiences, which support the call for inclusion of parental death in a broader definition of this concept, as discussed previously (see, e.g., Malvaso et al., 2018) .
Our findings can also be discussed through the lens of lifecourse theories. Social development theories argue that the path from childhood risk factors to adult criminality should be understood as a life-course process (Hawkins, 1996) . The so called 'pathway model' (Kuh et al., 2003) emphasises that different exposures are linked to each other, with one event leading to another. Accordingly, the death of a parent could be seen as a fundamental exposure that sets off a chain of negative events, such as school failure and substance abuse. Our findings can also be understood through the 'accumulation model', which suggests that disadvantages tend to cluster and accumulate over the life course (Kuh et al., 2003) . The experience of sudden and unexpected death in childhood is often part of such broader clustering of adverse childhood exposures. Previous research has demonstrated that various childhood adversities are strongly related to increased risk of juvenile delinquency and criminal offending in young adulthood (Mok et al., 2016; Besemer, 2014; Christoffersen and Soothill, 2003; Baglivio et al., 2014; Duke et al., 2010) . The death of a parent may be part of such a chain of events or clustered with other adverse experiences, but may also in itself be associated with anti-social or aggressive behaviour, especially in the case of prolonged and complicated grief.
Parental death is more common in socioeconomically disadvantaged families Fauth et al., 2009) , and even though childhood socioeconomic disadvantage has been associated with an increased risk of criminal offending (Fergusson et al., 2004) , socioeconomic factors explained only a small part of the association with violent crime. These findings are in line with previous research, suggesting that familial psychosocial risk factors, such as parental criminality and the quality of the parentchild relationship more strongly contribute to these associations (Sariaslan et al., 2014) . In addition to pre-existing psychosocial problems in the bereaved family, the surviving parent has to deal with his/her own grief and possibly psychological problems. These kinds of problems may influence parenting through the impairment of emotional support, guidance and supervision of the children. Previous studies have emphasised the important influence of parental behaviour and parenting style for anti-social behaviour (Hoeve et al., 2009; Rhee and Waldman, 2002) ; and poor parental control and supervision has repeatedly been associated with offspring criminal offending (Schroeder et al., 2010; Farrington, 2015) . Psychopathology in parents and other indicators for childhood household dysfunction are also associated with increased risk of physical abuse and neglect (Dube et al., 2001) , known risk factors for violent and anti-social behaviour (Farrington, 2005; Wilson et al., 2009) .
The strengths of the current study include the use of highquality national register data and the longitudinal design. Another strength is the large sample size (covering the entire Swedish population born in 1983-1993), which made it possible to analyse associations in women, despite the much lower crime rates among women, and to separately investigate maternal and paternal death, as well as cause of parental death. In addition, one important strength is the possibility to adjust for important family and parental factors, including psychiatric disorders and history of violent criminal offending (even before birth of the child).
However, our study also has limitations. Violent crime is measured using official record data and a large proportion of undetected and unreported crimes or crimes that do not result in convictions may result in misclassification bias. Since we have no reason to believe that this misclassification would differ between bereaved and non-bereaved individuals, such non-differential misclassification would lead to a dilution of the associations. Another limitation of the current study is that information on child abuse and neglect was not available from the Swedish national registers. The use of hospital admissions as indicator of parental mental health problems and substance abuse should also be noted as a limitation since this measure does not capture cases that are not severe enough to cause a hospital admission, and thus the contributing effect of such parental psychosocial problems may be underestimated. 
Conclusion
These results demonstrate the importance of support for bereaved families in order to prevent negative life-course trajectories of children and adolescents with experience of parental death, particularly when the death is sudden and unexpected and clustered with other childhood adversities. Bereavement following sudden and violent death seem to be more complicated and require different interventions compared with bereavement following parental death from natural causes where the link to other adverse childhood experiences is weak and the consequences over the life course seem to be less serious. The effectiveness of some types of bereavement interventions has, however, been questioned (Currier et al., 2007) and more research on interventions for bereaved children is warranted. Our results also emphasise that preventive efforts should address childhood adversity and problems in the family environment since parental death is often clustered with other adverse childhood events. The important issue that adverse outcomes for children with such experiences can represent adverse childhood experiences for the next generation was discussed in a recent review and meta-analyses (Hughes et al., 2017) . These findings further emphasise the importance of increased focus on prevention of childhood adversity, especially when accumulated (Hughes et al., 2017) . Children growing up under difficult circumstances show, however, remarkable resilience. For the individual child, different protective factors, positive experiences and psychological resilience, the individual ability to cope with adversity or trauma can result in positive long-term outcomes despite exposure to childhood adversity (Poole et al., 2017; Bonanno, 2004) . Thus, increased focus on factors that promote resilience is needed both in research, as well as in policy and prevention efforts.
Our findings demonstrate an increased risk of violent crime in adolescents and young adults with experience of childhood parental death, primarily when the death was caused by external factors and clustered with other childhood adversities. This association was partly accounted for by family characteristics that may both precede and determine parental death and also accumulate after the death, but an increased risk of violent crime was seen also after adjustment for violent criminal offending, psychiatric disorders and substance abuse in the parents.
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